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Introduction

Multiple regression analysis is a statistical technique that determines which independent variables appear to have a significant effect on a single dependent variable. The Urbana-Champaign campus of the University of Illinois began using multiple regression analysis in the early 1990’s to examine the factors that might contribute to faculty salaries; this report describes the results of the ninth such study.  

The study is divided into two parts.  The first can be considered “diagnostic”; it attempts to determine whether there is a systematic, campus-wide bias in the setting of salaries based on inappropriate factors such as gender or race/ethnicity.  If the regression coefficients for the gender and race/ethnicity terms are significantly different from zero, then these factors may be affecting salaries.  We build regression models separately for each rank (full, associate, and assistant professors) and for all ranks combined to examine this question. In addition, we examine new assistant professors (here less than 3 full years) in a separate regression to see if there are any biases at this early, critical stage of salary determination.

The second part of this study aims to identify individual faculty members whose salaries are lower than would be expected given their rank, discipline, time in the workforce, and other “appropriate” factors; the inappropriate factors of gender and race/ethnicity are omitted.  Each faculty member’s factors are substituted into a regression equation to compute a “predicted” salary.  Because our model lacks good measures of quality and productivity, it cannot predict salaries perfectly; we expect salaries to vary from the predictions due to quality and productivity.  Nevertheless, the predictions give the campus and deans a place to begin discussions of whether individual salaries are set appropriately.  
Changes this year

No study was executed for salaries in the 2004-05 season due to the conversion to Banner.  This year’s report required extensive reprogramming to accommodate the new way data is stored in Banner.     

In the past, we have had difficulty dealing with faculty members in LAS whose tenure is not in true academic departments and whose units are too small for accurate analysis.  This year, we have mapped these faculty into one “pseudo”-department and report them together.  

We have uncovered hundreds of problems with the data in Banner, including incorrect tenure codes and incorrect ranks.  We have fixed all the problems we identified, and have reported them to Human Resources for correction in Banner.  However, the pervasiveness of the data problems makes us uneasy about completing the final analysis until units have had a look at some of the data.  Therefore, we are releasing the study first as a preliminary draft with only the individual salary predictions.  After units have had a chance to notify us of any additional errors, we will issue a final report. 

We eliminated the set of regressions using the peer salaries from other schools. Instead, we use a dummy variable for each department to capture the effect of differences in salaries between disciplines. 

Preliminary Results

Identification of potentially underpaid faculty:  To analyze individual salaries, a regression model was built omitting the gender and race/ethnicity terms. The “all-ranks-combined” regression cannot include some “quality” indicators such as years to reach full professor; the only “quality” indicator among the independent variables is whether the faculty member was hired in as an assistant professor or at a higher rank.  Thus, the predicted salaries are based on factors that largely ignore quality and productivity.  

The coefficients from this regression were then used to predict salaries of individual faculty members.  The salaries predicted for each individual using this model represent the best estimate of salary from available and measurable faculty characteristics.  Any deviation of a faculty member's actual salary from the predicted salary should be due entirely to characteristics we have not attempted to measure, notably quality and productivity.  

The distribution of differences between actual and predicted salary, expressed as a percent of the predicted salary, is shown in Table 1.  Women faculty are 26% of the group with actual salaries 15% or more below predicted salaries; they are 28% of the overall faculty population.  

Table 1. Faculty whose salaries vary from predicted salary (Preliminary)

	Range
	Number of faculty whose actual salary is in this range

	
	Women
	Men
	All

	
	Number
	% of women
	Number
	% of Men
	

	15% or more below prediction
	85
	15%
	239
	17%
	324

	10-14% below
	47
	8%
	137
	10%
	184

	7-9% below 
	42
	7%
	98
	7%
	140

	0-7% below
	130
	23%
	274
	19%
	404

	0-7% above 
	107
	19%
	264
	18%
	371 

	7-9% above
	38
	7%
	78
	5%
	116

	10-14% above
	43
	8%
	100
	7%
	143

	15% or more above prediction
	73
	13%
	239
	17%
	312

	All
	565
	100%
	1429
	100%
	1994


Next Steps

A list of all faculty members with their current salary and predicted salary will be sent to deans.  The salaries and predicted salaries of all faculty members will be examined by the units for errors and, after corrections are made, the models will be rerun.  

Appendix: Methodology

General approach
This model assumes that the salary paid to a faculty member (the "dependent variable") is a linear function of a set of "independent variables", x1 to xn:


predicted salary = b0 + b1x1 +b2x2 + . . . + bnxn 
The symbols x1 ..xn are the values of the independent variables, e.g. age.  The symbols b0 ..bn are constant coefficients; the regression model attempts to estimate these coefficients and determine which, if any, are significantly different from 0.  If reliable estimates of the regression coefficients can be obtained, we may predict what the salary should be for any faculty member for whom we have the values of the independent variables.  The actual salary of a faculty member may differ from the predicted salary because of:


•
Error in the specification of the model.  The terms may not be linear, for example.


•
Critical factors may have been omitted which cause changes in salary.  Certainly, the quality of a faculty member's work is one independent variable which is difficult to quantify and include.  

 
•
Error in measurement of one of the variables.  For example, the dependent variable salary can be calculated in several equally valid ways. 

Faculty members were identified and relevant data for each faculty member were pulled from the Enterprise Data Warehouse (EDW) and a frozen snapshot of the EDW taken in March.  The data were extracted, cleaned, and  then used for statistical analysis. 

Initial selection of faculty: Faculty were defined as any person who was an active employee on March 15, who held either an active job with employee class starting with A or B or a future job starting August 16, and had an active tenure or tenure-track record in Banner (PEAFACT) (tenure code=A, Q, or 1-7).  Thus, faculty on leave Spring, 2006 were included with their budgeted salary.  We eliminated all faculty members with a "T" contract (terminal contract) and faculty who retired prior to March 15.   Retired, rehired faculty members are not included. 

Dependent variable:  9 month, 100% Time Salary
Calculation of a meaningful salary for each faculty member was a challenge because of the many ways employees are coded in Banner.  For the purpose of this study, we looked at the frozen March snapshot of EDW human resources data and included all on-going jobs, including zero percent administrative stipends.  Short term or insignificant appointments (under 60 days and under $350) or lump sum payments were excluded.  Jobs active on March 15 were used unless an individual's appointments changed during the year or the person was on leave; in these cases, the budgeted salary was used.  

All salaries were adjusted to represent payment for a nine-month period at 100% time.      

Independent variables
Data for the following independent variables were collected.  Derivation of each item is described below.


Current faculty rank  


Highest degree earned


Years since the highest degree was awarded


Rank into which faculty member was first hired


Years from first hire to reach associate professor


Years from first hire to reach full professor


Number of departments in which a continuing appointment is held


Starting salary in the discipline


Whether the faculty member holds any administrative appointments


Whether the faculty member is or was a top executive (dean or higher)


Gender


Race


Percent faculty appointment


Type of faculty appointment (regular or library)

Data pulled from EDW database
For each faculty member, the following demographic data was pulled from the EDW :


Name


University ID number


Date of first employment at UIUC (later adjusted to show first date on tenure track)


Race/ethnic code


Gender


Home department code


Special conditions codes (e.g. to identify those on disability leave, leave without pay, etc.)  

Each faculty member may many different jobs.  All jobs not paid on an hourly basis for these faculty members were selected and the following appointment information was downloaded:


Job department


E-class of job (indicates whether job is paid 9/12 or 12/12)


Start and end dates


Percent time


Annual salary


Monthly salary


P-class code (indicates rank)

Data pulled from the AHR paper personnel files, from web sources, and solicited from departments

Highest degree 


Level of highest degree (doctoral level, terminal, master's, bachelors, or none)

(When in doubt, departments were called to verify the degree level.  JD degrees were classed as doctoral level, MFA and MArch degrees were classed as terminal)


Date highest degree was awarded.  For the few faculty members with no degree at all, we used years from age 21 to estimate of the years the person had been in the workforce.


Rank into which faculty member was first hired


Date of promotion to associate professor (if any)


Date of promotion to full professor (if any)

Derived data elements
From the downloaded and manually collected data, the following were calculated:


Highest faculty rank: all administrative and academic professional ranks were ignored.  

Faculty holding library faculty appointments in addition to appointments with regular faculty rank were classed as regular faculty, regardless of which appointment had a greater percent.


Highest tenure code


Years since degree to January 1 in the academic year under study.


Number of different departments in which a continuing appointment is held

Includes any department where the faculty member held a zero percent appointment or more that was active on March 15.


Years from first hire at UIUC to January 1 in the academic year under study.


Years from first hire to promotion to associate professor & to full professor

These data elements will be 0 for those hired in at the associate or full professor level.  For faculty who left campus at one rank and returned at a higher rank, an estimate of reasonable promotion dates was made.


Tenure department 

This was needed to obtain the correct starting salary for the discipline of the faculty member.  When a faculty member had tenured appointments in multiple departments, the department with the highest percent appointment was used.  If all tenured appointments had identical percents, the home department was used if it was a tenure-granting department.  Otherwise, the department was selected at random.  Several faculty members hold tenure in a unit that not is an organized department.  If such a faculty member had any other departmental affiliation, we counted him/her in that department.  We were left with a small group of faculty in LAS who had no true tenure department home. These faculty were all mapped to a single conglomerate unit and treated as if they were in one department. 


Administrator flag

   

Administrators were defined as:

  


All top executives



      Associate or assistant deans, department heads, and chairs

  


Faculty whose administrative appointment percent was larger than their faculty percent



“Administrative” appointments were defined as academic appointments with tenure code=N and a rank/class code not in the faculty range. 

  


Faculty with an administrative appointment with pay at least 5% or more of total salary.


Executive flag

The president, vice president for academic affairs, chancellor, provost, vice chancellors, deans, associate provosts, and associate deans were marked as top executives and excluded from the analyses. Former holders of any of the offices of president, vice president for academic affairs, chancellor, provost, vice chancellor, and dean were also flagged and omitted. 


Percent time

Total percent on all appointments active March (or August for those with midyear changes) was  calculated.


9-month, 100% equivalent of salary on all continuing appointments

All faculty whose appointments changed after March 15 (change in percent, change in salary, or new appointments beginning after that date.) were identified.  For employees with no such midyear changes, only appointments active on March 15 were totaled.  For employees with a midyear change, appointments active on August 15 at the end of the appointment year were totaled.  

Appointments in Continuing Education were eliminated.  All other appointments were included.

If the appointment had a job E-class indicating the period of service was 10 months, the annual salary was multiplied by 9/10.  If the appointment was for 11 months service, the annual salary was multiplied by 9/11.  For all other appointments, the annual salary was used without adjustment.  This yields the salary rate for a 9-month period of service.  The nine-month equivalent salary and the percent (unadjusted) for all appointments active on March 15 (or Aug 15 if a mid-year change took place) were totaled for an individual to derive the person's actual current 9-month salary rate.  If an individual's total percent time was less than 100%, the calculated salary was adjusted to a 100% equivalent by multiplying it times 100/(total percent time).  

Dummy variables for each department

We replaced the starting salary for the discipline variable with a dummy variable (1/0) for each department but one.   The coefficient for this variable represents the disciplinary difference in salaries between a department and the department left out (in this case, Agricultural & Consumer Economics).

Refining the model 

As in the previous study, we eliminated "top executives" (dean level and higher) from the regression analyses.    Once the set of independent variables was created and verified, multivariate linear least-squares regression models were built using SAS.  Regressions with all faculty combined and separate regressions by rank were run and the results tabulated.  Several other specialized regressions were run as described in the body of the report.  

Determining if an independent variable is a significant factor in determining salary levels

If the coefficient for an independent variable is significantly different from zero, then that variable appears to have a significant effect on salary.   To determine if a coefficient was significantly different from zero, we used a Student's T test to estimate the probability that the regression coefficient for that factor was zero.  If the probability was 5% or less, we assumed the factor was a significant contributor to salaries.  It is important to note that this 5% level is somewhat arbitrary; a similar study performed at the University of Wisconsin (Madison) used a 10% level for significance. 

By looking at the estimate of the coefficient for each of the independent variables, we can see the magnitude and direction of the effect each has on salary.  If the coefficient for the dummy variable for males is $1000, for example, and if that coefficient is significantly different from 0, we would conclude that being male generally is associated with a salary increase of $1000, all other factors being equal.  




